Summary: Ultrastructure and microvascular pattern of the parotid duct (main excretory duct) in the cat were investigated by TEM and SEM. The duct was lined by a pseudostratified epithelium which was surrounded by a double-layered vascular sheath. Three kinds of principal cells were observed in this epitheliumtall columnar, light and basal cells. The tall columnar cells did not bear basement membrane specialization (infoldings) but well-developed lateral interdigitations. Microvilli were present on their luminal surface. Basal infoldings and lateral interdigitations did not develop in the light cells. Basal cells were located on the basement membrane of the epithelium. The basal surface of the duct epithelium was studded with half-desmosomes.
Recently, the existence of physiologically activated materials (nerve and epithelial growth factors), hormone-like substances and some enzymes contributing to inorganic metabolism in the striated ducts of the salivary ductal system, has been revealed. Many investigators stated that the main duct participated in formation of hypotonic saliva by active ion exchange during the salivary flow through it, in addition to physical transportation of the primary saliva (two- Ultrastructural aspects of the epithelium of the extraglandular main duct and the architecture of the capillary located immediately beneath it should influence the secretory function or resorption of the water and electrolyte in the final saliva. Investigations on the blood capillary and its architecture have often been made on the submandibular duct. Epithelium of the parotid duct was studied in the rat by Sato (1982) , and Sato and Miyoshi (1988, 1990) , and the submandibular duct of the cat was reported by Tandler and Poulsen (1976) . Vasculature of the salivary duct was studied in some mammals by Ohtani (1960) , in the human fetus by Nonaka (1980) , the rat by Ohtani et al. (1983) and the dog by Kishi et al. (1990) . Nutrient vessels in the parotid duct of the cat were described by Tokioka et al. (1972) . This paper deals with the ultrastructure of the epithelial cells of the parotid ductal system, from the collecting ducts through all extraglandular parotid duct (main excretory duct = MED) up to the parotid papilla on the buccal mucosa and microvascular architecture of all the duct mentioned above, utilizing plastic microcorrosion casts, by scanning electron microscopy.
Material and Methods

I. Microvascular corrosion casts for scanning electron microscopy
Ten adult cats (3-4 kg body weight) were used. They were anesthetized with sodium pentobarbital (60 mg/kg of body weight). The common carotid arteries were cannulated (metal cannula, 1 .5 mm in diameter) and both vertebral arteries were ligated at the 6th cervical vertebra. Then, the carotid system was washed with 40 ml of heparinized (5000 IU/L) Tyrode solution at 40°C until the efflux of the internal jugular vein became clear. On both sides, 60 ml of an oligomer of methyl methacrylate with 1 gm of benzoyl peroxide as a catalyst and 1 ml, N, N-dimethylaniline as an accelerator (Ohta et al. 1990 ) was injected through the common carotid arteries after rinsing the vascular bed. The injected cats were held at room temperature for 2 hr. The parotid main duct was removed under a dissecting microscope, soaked in a water bath at 60°C overnight, and macerated in 5% KOH solution at 40°C for one day with the medium renewed twice. They were rinsed with 5% formic acid for 30 min., washed with several changes of distilled water, and freeze-dried. Corrosion casts were stuck on specimen stubs and sputtered with gold for examination under a scanning electron microscope (JSM, T-300, JEOL) at 5 kv accelerating voltage.
II. Ultrathin sections for transmission electron microscopy
Five adult cats in the same weight category as described above were anesthetized and prepared for fixation as described above. After the blood circulatory system was rinsed, the animals were fixed by perfusion of 2.5% glutaraldehyde in 0.1 M phosphate buffer, pH 7.4. Small tissue blocks of the parotid duct were cut and immersed in the same fixative for 2 hr. The tissues were washed in phosphate buffer and postfixed in 1% osmium tetroxide in 0.1 M phosphate buffer, pH 7.4 for 2 hr and dehydrated through ascending alcohols and methyl glycidyl ether, and embedded in SUPPR's resin. Ultrathin sections were cut and stained with methanolic uranyl acetate and alkaline lead citrate, for examination under a transmission electron microscope (JEM-100S, JEOL).
Findings
The results obtained of examination of four regions of the parotid ductal system were as follows: Collecting ducts proximal to the glandular hilus (intraglandular area), the origin of the parotid duct (main excretory duct = MED) about 10 mm distal to the hilus, the superficial region (Nonaka, 1980) of the parotid duct before crossing the facial artery and vein, and the deep region (Nonaka, 1980) of the parotid duct distal to the previous region up to the orifice of the duct on the buccal mucosa after penetrating the buccinator muscle (Figs. la and lb).
I. Ultrastructure of the parotid duct
Generally, the epithelium of the duct resembled a pseudostratified epithelium in light-microscopical appearance. Three kinds of the epithelial cells were identified as tall columnar, light and basal cells (Fig. 2) .
a. Tall columnar cells
These were main cells which accounted for over 80% of all epithelial cells. Those in the deep region became lower gradually in a 2-or 3-layered cuboidal epithelium which transferred to the buccal epithelium. The form of the cells was that of a slightly swollen column (Figs. 2 and 3) . The tops of the cells faced the ductal lumen and the bases were located close to the basement membrane (Figs. 2 and 3) . The nucleus was located close to the base with abundant mitochondria only in the luminal and basal sites (Figs. 2 and 3 ). Numerous vacuoles were observed immediately beneath tall microvilli (about 100 nm in diameter and 300-400 nm in height) (Figs. 2 and 3) . Rough endoplasmic reticulum and free ribosome were seen all over the cell (Fig. 3) . No basement membrane specialization (infoldings) was observed in the basal site, but a half-desmosome was seen along the basement membrane (Fig. 3) . A tight junction between adjacent cells was observed only on the luminal site, and there were extremely well-developed lateral interdigitations (Fig. 3) .
b. Light cells
These cells were located between the tall columnar cells, accounting for about 10% , both in the collecting ducts and origin of the parotid duct. They gradually decreased in number toward the orifice of the duct and disappeared in the deep region. The cytoplasm appeared light due to its low electron density II. Microvascular architecture of the parotid duct a. General view of the arterial supply to the parotid ductal system Rr. ductuum parotidei, named in the cat by Tokioka et al. (1972) , were derived from the superficial temporal and posterior auricular arteries. These rami in the deep region, where the duct passed beneath the facial artery up to the parotid papilla, also were derived from the facial artery (Figs. la and 1b). Ranging from the origin through the superficial region, the supra-and infraductal branches passed parallel to the duct along the superior and inferior margins of the duct, respectively (Figs. la and lb). Each branch, which was held tightly between a pair of satellite venous branches, ran tortuously about 0.6 mm from the ductal wall (Fig. 5) . Supra-and infraductal branches were communicated with two branches, on the medial and lateral sides of the duct, respectively, in the middle of the superficial region (Fig. 5 ). These communicating branches also had a pair of satellite veins (Figs. la and 1b) . En route both branches gave rise to numerous cutaneous branches upward and downward (Figs. la and lb). After passing across the facial vessels up to the parotid papilla, the parotid duct was accompanied by either the supra-or infraductal arterial branch (Figs. la and lb).
Each of the collecting ducts was accompanied by only the supra-or infraductal branch in an irregular relationship with the passage of the duct (Figs. la and lb).
In all of the regions mentioned above, the supraand infraductal branches gave rise to numerous fine twigs which formed a double-layered vascular sheath (Figs.6, 7 and 8). The external sheath was composed of arterioles and venules and the internal sheath of capillaries immediately beneath the epithelium of the duct (Fig. 6 ).
b. External vascular sheath
This sheath was composed of arterioles and venules (Figs. la, lb, 5, 9, 10 and 11). Arterioles which were derived from the supra-and infraductal branches with regularly segmental intervals, arborized three to four times decreasing their diameters, and finally became capillaries in the shape of a hand (Fig. 9) . Anastomoses between arterioles (A-A anastomoses) in all regions of the parotid duct were so obscure that they were unable to form a network (Fig. 5) . Venules receiving venous blood from the capillary sheath increased in diameter (Fig. 10) . Anastomoses between adjacent venules (V-V anastomoses) were frequently observed and formed an irregular venous cylinder which completely surrounded the whole parotid duct (Fig. 5) . The venous network showed variant meshworks with a regional difference (Figs. la and lb). In the collecting ducts and the origin of the parotid duct, these networks appeared coarse (Fig. 11) . In contrast, venules in the superficial region increased in diameter and number to form a dense network (Figs. la, lb and 5). Those in the deep region increased in diameter and formed a coarse network elongated longitudinally along the duct (Figs. la and 1b) . Obvious arterio-venous anastomoses were not observed in any region.
C. Internal vascular sheath
This sheath was a capillary bed, composed of capillaries which were located externally within about 101,tm of the epithelial layer of the duct (Figs. 2,  5-18 ). This capillary sheath was greatly flattened in a medio-lateral direction because the lumen of the parotid duct also was flattened (Figs. 7 and 8 ). Regional differences were observed in the meshes of the capillary networks (Figs. 12, 13, 14, 17 and 18 ). Meshes (40 rim) in the collecting ducts and the region of origin were fairly dense with thickened capillaries and appeared round (Figs. 11 and 12 ). Meshes (75 lam) of the capillary network became elongated in the longitudinal direction of the parotid duct toward its superficial region with thinner capillaries (Figs. 13 and 14) . But meshes of these network near the superior and inferior margins of the duct appeared in a dense round pattern (Figs. 13 and 14) . Capillaries in the deep region of the parotid duct passed longitudinal to the duct and became thicker (Figs. 16 and 17) . Capillaries perpendicular to the duct were decreasing in diameter and finally appeared as a ladder-likeframe (Fig. 17) . Immediately before the orifice, the parotid duct bent medially rectangularly and capillary networks became irregular and obscure (Fig. 18 ). In the parotid papillae, capillaries increased in diameter and formed twisted capillary loops, along the free margin of the papilla, which were transformed into capillary loops in the connective tissue papillae of the buccal membrane (Fig. 19). d. Ultrastructure of the capillary wall in the internal vascular sheath
Most of the capillaries located immediately beneath the epithelium appeared to be the continuous type (Figs. 2 and 6 ). The nucleus of the endothelial cell situated opposite the epithelial margin appeared flattened with thin cytoplasm on the luminal side (Figs. 2 and 6 ). Pinocytotic vesicles , microvilli-like protrusions and a marginal fold were found (Figs. 2, 6 and 15) . Also, the nucleus of the pericyte was situated opposite the epithelial side near the basement membrane (Figs. 2 and 6 ). Fenestrated capillaries were found in small numbers . Fenestrations were observed only on the epithelial side (Fig. 15) . There was no relationship between the type of the capillaries and the kind of the epithelial cell.
Discussion
Epithelial cells of the parotid ductal system
There are morphological differences in the component cells of the MED of the parotid gland as follows: Those cells compose the stratified cuboidal epithelium in the rat and the pseudostratified in the cat. Sato and Miyoshi (1988) investigated the MEDs of the three salivary glands and stated that stratified cuboidal cells, types I and II of the light cells, dark cells and tuft cells were observed in the parotid duct epithelium, but no stratified cuboidal cells but mainly light cells appeared in the submandibular duct epithelium. Then, they emphasize only the stratified cuboidal epithelium of the parotid duct, explaining such a morphological difference in the epithelium between the parotid and submandibular ducts as follows: Light cells containing a large number of basal infoldings in the submandibular duct may play a role in active transportation of water and electrolytes as seen in the cells containing the basal infoldings of the proximal and distal renal tubules, and, in contrast, the above function should not be active in the parotid duct due to the stratified cuboidal epithelium which contained scarcely any light cells. Their findings and conclusions are supported by physiological investigations on the saliva by Young et al. (1967) and Ueha et al. (1972 Ueha et al. ( , 1973 Ueha et al. ( and 1974 . Resorption of Na + and IC+ ions is extremely slow except for a small amount of Cl-secretion in the parotid duct of the rat, but in the submandibular duct there is fairly active Na+ resorption and K± secretion. In the present study, component cells of the parotid duct of the cat were found to be quite different from those of the rat reported by Sato and Miyoshi (1988) . Dark cells besides the three kinds of the cells were not observed in the cat or in the epithelium of the submandibular duct in the mouse (Sato and Miyoshi, 1992) or Japanese monkey . Light cell bore a characteristic structure of the basal infolding, not found in the cat, so that there is no difference between type I and II in the rat. The basal infoldings are constantly observed in the rat parotid duct. Lateral interdigitations between adjacent cells of the rat are simple in form maintaining a narrow intercellular space, but conversely, any complicated and tight in the cat. These well-developed lateral interdigitations resemble those in the epithelium of the submandibular duct in the Japanese monkey . Tandler and Poulsen (1976) stated that the higher K+ level in the submandibular duct of the rat than in the cat may be caused by the structural differences described above. Although such complicated interdigitations between the epithelial cells are not found in other organs, this characteristic of the structures may be induced by quantitative changes that occurred by maintaining metabolism in the duct or of the transformation that occurred by the variable amount of the saliva in the duct.
II. Microvasculature of the parotid ductal system
Angiology of the parotid duct was described and discussed by Tokioka et al. (1972) . Previously, Tandler and Poulsen (1976) expressed doubt that the internal vascular sheath could be washed out cleanly and easily after flushing out all blood cells in the process of diffusion of a fixative solution but a small number of blood cells might always be apt to remain in the external vascular sheath. They suggested that the ductal system may be nourished by a dual blood supply. However, we were able to show that the supply route is not dual but that the two vascular sheathes communicate with each other.
Anastomoses in the external vascular sheath were not found in the main excretory ducts of three salivary glands of the rat by Ohtani et al. (1983) , although many anastomoses in the parotid duct of the dog were reported by Kishi et al. (1990) . Although A-V anastomoses were not found in the cat duct by the present authors, these are by all means a short circuit for regularity of the blood stream. Ohtani et al. (1983) stated that arterio-arterial (A-A) anastomosis and veno-venous (V-V) anastomosis are frequently noticed along the main duct and may make it possible for the direction of blood flow to alter, e.g. counter to saliva at the main duct level, although the general flow direction of blood in the external sheath seems to be the same as that of saliva. Regional differences in the density of the network formed by V-V anastomoses may be caused by prompt obstruction of the salivary passage by any external force. In the other words, dense and fine meshes are built in areas where the blood stream may be hindered in order to secure transportation of the blood and to play a role as a hydrodynamic cushion. Such a consideration may be valid for A-A anastomoses found only in the superficial region of the main duct.
The fact that the internal capillary sheath has a form fairly suitable for resorption of some factors in the saliva and additional secretions, was reported by Ohtani et al. (1983) . Sato and Miyoshi (1988) suggested that the more the active water and electrolyte transportation in the parotid duct decreased, the more the distance from the parotid gland increased, unlike the submandibular duct. As described in this paper, the dense capillary network found in the collecting ducts and the region of origin of the main duct contributes to transportation of material but this network becomes coarser and more elongated in the superficial region, that is, the distal region, of the duct, where the active transportation of water and electrolytes will be suddenly diminished. A ladderlike framework around the deep region should play scarcely any role in such transportation. Sato and Miyoshi (1990) investigated the distribution and form of the capillaries around the main duct of the salivary gland in the rat and reported that most of the capillaries were of a fenestrated type in the submandibular duct and a continuous type in the parotid duct. Simionescu et al. (1981 and 1982) studied the distribution pattern of anionic sites on the luminal surface of the fenestrated endothelium of the capillaries and reported that fenestral diaphragms were negatively charged and found to be related to the capillary permeability by the cation (Cat , K+), and that pinocytotic vesicles had an important role in the movement of anionic molecules across the capillary wall. According to them, active Na+ and K+ ion exchange will occur in the submandibular duct and Cl-exchange in the parotid duct as well. Their presumption is affirmed by the capillary form reported so far. Anion exchange will play a leading role which contributes to adjusting the ingredients of the final saliva in the parotid duct of the cat since continuous type capillaries are present chiefly in the duct. 
